The nucleotide sequence of Korean ginseng (Panax schinseng Nees) chloroplast genome has been completed (AY582139). The circular double-stranded DNA, which consists of 156,318 bp, contains a pair of inverted repeat regions (IRa and IRb) with 26,071 bp each, which are separated by small and large single copy regions of 86,106 bp and 18,070 bp, respectively. The inverted repeat region is further extended into a large single copy region which includes the 5 parts of the rps19 gene. Four short inversions associated with short palindromic sequences that form stem-loop structures were also observed in the chloroplast genome of P. schinseng compared to that of Nicotiana tabacum. The genome content and the relative positions of 114 genes (75 peptide-encoding genes, 30 tRNA genes, 4 rRNA genes, and 5 conserved open reading frames [ycfs]), however, are identical with the chloroplast DNA of N. tabacum. Sixteen genes contain one intron while two genes have two introns. Of these introns, only one (trnL-UAA) belongs to the self-splicing group I; all remaining introns have the characteristics of six domains belonging to group II. Eighteen simple sequence repeats have been identified from the chloroplast genome of Korean ginseng. Several of these SSR loci show infra-specific variations. A detailed comparison of 17 known completed chloroplast genomes from the vascular plants allowed the identification of evolutionary modes of coding segments and intron sequences, as well as the evaluation of the phylogenetic utilities of chloroplast genes. Furthermore, through the detailed comparisons of several chloroplast genomes, evolutionary hotspots predominated by the inversion end points, indel mutation events, and high frequencies of base substitutions were identified. Large-sized indels were often associated with direct repeats at the end of the sequences facilitating intra-molecular recombination.
Introduction
The complete nucleotide sequence of chloroplast genome from 17 vascular plant species has been established, which include: two ferns, Psilotum nudum (Psilotaceae, 138,829 bp, AP004638) 1 and Adiantum capillus-veneris (Adiantaceae, 150,568 bp, NC004766);
Complete Chloroplast Genome Sequence of Panax [Vol. 11,  to both structure and gene content. 19−21 The presence of a large inverted repeat (IR), which ranges from 12 to 50 kb in length, is one of the conserved structural features and accounts for the length variation of the genomes. 22, 23 Two segments of IRs are separated by a large single-copy (LSC) and a small single-copy (SSC) region. The extreme contraction or loss of IR regions is only observed from Pinus 3 and Medicago. The gene contents and the polycistronic transcription units of chloroplast genome are also largely conserved among most vascular plant species. 24−26 The only exception is the non-photosynthetic parasitic plant, Epifagus virginiana, which lacks several genes related to photosynthesis. 15 The gene order of the chloroplast genome is also relatively conserved. However, it is frequently reversed by inversion mutations that can be mediated by intra-molecular recombination events. 4, 23 The base substitution rate of chloroplast genes correlated to the position of the gene on the genome. For example, the genes in the IR regions diverge at a slower rate as compared to the genes located in the SSC and LSC. 5, 23 Most of the evolutionary hotspots that show high frequencies of indel mutations and base substitutions are concentrated on intergenic spacers that lack the polycistronic transcription units.
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In this report, we present the complete sequence of the chloroplast genome from Korean ginseng (Panax schinseng Nees) and compared it with published sequences of vascular plants, with emphasis on the evolutionary modes of chloroplast genomes.
P. schinseng is one of the oldest and the most widely used herbal medicines for the oriental peoples. Recently, many different ginseng products are sold globally as alternative medicines for general health improvement. The primary active ingredients of P. schinseng are saponin triterpenoid glycosides, commonly called ginosenocides, that act on the central nervous system, cardiovascular system, endocrine system, and immune system. These active ingredients also increase endocrine secretion, promote immune function, and have anti-aging and stressrelieving effects. 27 There are more than 30 ginosenosides reported from P. schinseng. In contrast to its high market demand, however, P. schinseng is almost extinct in wild habitats and is only found rarely in the mountains of Northeastern China, Korea, and the costal areas of Russian Far East. Fortunately, P. schinseng is widely cultivated not only in Korea but also in China, Japan, and several countries in North America and Europe under special shade conditions. P. schinseng is a member of the family Araliaceae, which also includes closely related Japanese ginseng (P. japonica), American ginseng (P. quinquefolious), Sanchi ginseng (P. notoginseng), Himalayan ginseng (P. pseudoginseng), and dwarf ginseng (P. trifolium). 28 The complete chloroplast genome data of P. schinseng will contribute to a better understanding of the photosynthetic mechanisms of shade plants that adapted under low light conditions and could also provide molecular phylogenetic information for commercially important ginseng species.
Materials and Methods
Seeds of wild P. schinseng were collected from a single plant in the central part of Korea (Mt. Sobek), and 11 individual plants were cultivated from the seeds for 3 years. Fifty grams of fresh leaves were harvested from 10 cultivated plants (voucher specimen kept at the Korea University Herbarium, Seoul, Korea, by Kim, K.-J., Yeo, J.-Y., and Kang, C.-W., May 25, 1997) .
Chloroplasts of P. schinseng were isolated from the fresh leaves by the sucrose-gradient method. 29 Chloroplast DNAs were isolated from the purified chloroplast by lysis and CsCl-EtBr gradient ultra-centrifugation, and further purified using a dialysis membrane (pore size 14,000 daltons). The chloroplast DNAs were digested with BamHI, Sac I, and Cla I restriction enzymes. The digested fragments were cloned into a pBluscript II vector. Vector-inserted cpDNA fragments were shotgun sequenced by the dideoxy chain termination method (Big Dye 2.0 TM Terminator Cycle Sequencing Kit, PE Applied Biosystems, Foster City, CA, USA) using an ABI 377 automatic sequencer. The cloned fragments from the three enzymes cover 98% of the whole genome after contig assemblages. The remaining three small gap regions were amplified by PCR and sequenced directly from the amplification products. The sequence fragments were assembled using Sequencher 4.1 (Gene Code Corporation, Ann Arbor, MI, USA). The same regions were sequenced 1-23 times (average of 4.7 times).
Seventeen complete chloroplast genome sequences were obtained from GenBank of the National Center for Biotechnology Information (NCBI). Gene annotations and comparative genome analyses were performed using the current versions of various BLAST (BLASTN, PHI-BLAST, BLASTX) and ORF finder programs from NCBI. Sequence alignments, base substitution analysis, and phylogenetic analysis were performed using the ClustalX, 30 32 programs. Pairwise sequence divergences were calculated by using Kimura's two-parameter model. 33 Repeating sequences were searched using REPuter. 34 The locations and secondary structures of trn genes were evaluated using tRNAscan-SE (version 1.21) program. 35 In addition, the secondary structures of rRNA, introns, and parts of DNA sequences were evaluated using MFOLD (version 3.0) program. 
Results and Discussion

Gene content, arrangement, and codon usage of
Panax chloroplast genome The P. schinseng chloroplast genome has a pair of inverted repeat regions (IRa and IRb) consisting of 26,071 bp each. The two IR regions were separated by a large single copy (LSC) region of 86,106 bp and a small single copy (SSC) region of 18,070 bp. The total genome size is 156,318 bp in length (Acc. No. AY582139, Supplemental Fig. 1 : http://www.dnares.kazusa.or.jp/11/4/03/supplement/supplement.html). The positions of the 114 genes identified in the P. schinseng chloroplast genome are presented in Fig. 1 and Table 1 . The major portion (58%) of the P. schinseng chloroplast genome consists of gene-coding regions (50% protein coding and 8% RNA regions), whereas, the intergenic spacers (including 27 introns) comprise 42% (intron, 13%; spacer, 29%). The overall A-T content of P. schinseng chloroplast genome is 62%. The A-T contents in the non-coding (65%) are higher than in the coding (59%) regions. The A-T contents of the IR region amounts to 57%, whereas, the A-T contents in the LSC and SSC regions are 64% and 68%, respectively. The low A-T contents of the IR region reflect the low A-T contents in the four rRNA (45%) genes in this region.
The gene contents of P. schinseng chloroplast genome are almost identical to that of tobacco, 14 except for a few minor modifications in open reading frames (ORF or ycf ) and IR/LSC and SSC junction regions (see IR contraction/expansion section).
Eighteen genes contain one or two introns. Table 2 summarizes the sizes of exons and introns for each gene. Five of these introns, rpl2, ndhB, rps12, trnI-GAU and trnA-UGC, are located within the IR regions. Only the trnL-UAA gene intron belongs to the self-splicing group I, while all others belong to group II. Three genes, clpP, rpoC1, and rps12, have two introns. The rps12 gene is the unique divided gene that the 5 end exon locates in the large single copy region far away from its second and third exons, which are located as duplicates in the inverted repeat regions and which requires a trans-splicing mechanism between exon I and exon II in order to produce mature rps12 transcripts.
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A total of 30 tRNA genes were identified from the P. schinseng chloroplast genome. The numbers and kinds of tRNA genes from P. schinseng are identical to wellcharacterized vascular plant chloroplasts. 5, 10, 14, 20 The codon usage of the P. schinseng chloroplst genome and the anticodons present in the 30 tRNA species are summarized in Table 3 . The codon usage has been deduced from all protein-coding genes and ycf genes as presented in Table 1 . The high A-T content at the third codon position clearly reflects the codon usage bias to A or T. For example, twofold degenerated codons at the third position show the usage frequencies of 21-34% for C or G, while the usage frequencies range from 66% to 79% for A or T. Fourfold degenerated codons at the third position such as Gly, Ala, Thr, Pro, Ile and Val, also show a strong bias to A or T ranging from 66% to 79%. For the sixfold degenerated codons such as Leu, Ser, and Arg, the A-T bias is observed for both the first and the third codon positions. The usage frequencies of stop codons are also biased to A or T at both the second and third positions, showing 49% for TAA, 26% for TGA, and 21% for TAG. The same results are well documented in the chloroplast genomes of several other higher plants includ- Five genes with an asterisk locate on the IR regions. The rps12 gene is divided. The 3 -rps12 locates on the IR-region, while the 5 -rps12 locate on the LSC region. The codon usage has been determined from all genes listed in Table 1 . Codons are given in capital letters and anticodons are in lower case letters. Asterisks indicate stop anticodons. A total numbers of each codon representing the same amino acid are provided in this table.
ing Nicotiana, 14 Oryza, 4 Triticum, 6 Lotus, 10 etc. Therefore, the strong AT bias of codon usages are universal for plant chloroplast genomes.
Short inversions and inverted sequences
Four short inversions, associated with inverted sequences, were identified in the Panax chloroplast genome as compared to the Nicotiana chloroplast genome ( Fig. 2 ). These regions form distinct stem-loop hairpin structures and the orientation of the sequences at the loop regions are reversed between two chloroplast genomes. The recombination events between inverted sequences on the stem regions are responsible for the short inversions of loop sequences. The first short inversion ( Fig. 2-1 mRNA molecules. Large inversion mutations have been reported frequently in several widely separated vascular plants. [4] [5] [6] 10, 23 In contrast, the short inversions reported on the P. schinseng chloroplast genome are rarely reported in other plant groups. 38 However, more cases will probably become apparent if the chloroplast genomes of other completely sequenced species are thoroughly investigated.
IR contraction and expansion
The border between the two IR/LSC and the two IR/SSC usually differs among various species. Large expansions and contractions of IR regions often create the large length variation of chloroplast genomes in different groups of plants. Detailed comparisons of IR boundaries among 16 vascular species suggest that wide ranges of expansions and contractions of IR are very common evolutionary events. As a result, various pseudogenes are created in genes such as rps19 and ycf1 at the boundaries between single-copy (SC) regions and IR regions. In Fig. 3 , the detailed IR-SC border positions, with respect to the adjacent genes among Panax, Nicotiana, Atropa and Arabidopsis chloroplast genomes, are compared. This comparison shows that the border positions vary among chloroplast genomes even between closely related genera of the same family such as Nicotiana and Atropa. The IRa/SSC borders are located in the 3 region of the ycf1 gene and create the ycf1 pseudogenes at the IRb/SSC border with lengths of 996 bp and 1,438 bp in Nicotiana and Atropa, respectively.
In Panax, IR is further extended deep into the ycf1 gene and inserted into the ycf1 pseudogene with 1,649-bp lengths at the IRb/SSC border. The IRa/SSC and IRb/SSC borders in Arabidopsis are located within the coding regions of the ycf1 and ndhF genes, respectively. Thus, a portion (37 bp) of the 3 end of the ndhF gene overlaps with the internal portion of ycf1 in Arabidopsis. In contrast to the IR/SSC borders, only minor shifts were observed in the IR/LSC borders. For example, the IRa/LSC and IRb/LSC borders of Nicotiana are located downstream of the non-coding region of trnH-GUG and upstream of the non-coding region of rps19. Thus, no pseudogene is created at the border. However, the IR/LSC borders are extended into the 5 portion of rps19 gene in Atropa, Panax, and Arabidopsis. As a result, the various lengths of rps19 pseudogenes are located on the IRa/LSC border in Panax (51 bp), Atropa (59 bp), and Arabidopsis (113 bp). The expansions/contractions of IR as observed in the IR/SSC borders are probably mediated by intra-molecular recombination between two short direct repeat sequences that frequently occur within the genes located at the borders.
Sequence divergence of major genes or regions
Completed chloroplast genome sequences are available from 18 vascular plants including two ferns, two gymnosperms, three monocots, and 10 dicots. We compared the gene contents and the levels of average pairwise nucleotide and amino acid divergence of 84 chloroplast genes among 16 vascular plant species, and their results are summarized in Table 4 . The chloroplast genome sequences from Epifagus virginiana was not considered in this report because most chloroplast genes are lost in this non-green parasitic plant. 15 Sequences from Pinus koraiensis was also not considered because the sequences are almost identical to that of P. thunbergii. Also, information on trn gene class was excluded in this summary table. The abnormal gene annotations including abnormal start and stop positions were adjusted after multiple sequence alignments during the comparative sequence analysis. Multiple internal stop codons or frame shift mutations were frequently encountered in Medicago (AC093544), Adiantum, 2 and Oenothera 11 sequences, suggesting that these problems are largely due to RNA editing or sequence errors.
Low levels (less than 8%) of average sequence divergence (ASD) among vascular plants were observed from four ribosomal RNA-coding genes (rrn16, rrn23, rrn5, and rrn4.5), which were all located in the IR regions (Table 4 ). In contrast, the relatively high divergence (more than 35%) were observed from rps15, rpl22, accD, infA, matK, ycf2, and ycf1 genes located in the LSC, IR, or SSC/IR junction regions. The most conserved rrn16 gene (ASD=3.3%) in the IR region is 16 times more conserved than the fastest evolving ycf1 gene (ASD=54.4%) in the LSC/IR junction region. These results support previous reports that the sequence contained in the IR regions diverge at slower rates compared to sequences located in the LSC or SSC regions. 5, 23 Some genes in the IR region, however, have faster divergence than those genes from the LSC or SSC regions. For example, rps7, rpl2, ycf15, rpl23, ndhB, and ycf2 in the IR regions show more variation than do several genes in the LSC or SSC regions. Furthermore, ycf2 in the IR regions is one of the fastest evolving genes from the chloroplast genomes. In contrast, the majority of the genes involved in photosystem I (psa gene class), photosystem II (psb gene class), and photoelectron transport system (pet gene class) between two photosystems located in the LSC or SSC regions show relatively slow evolutionary divergence, ranging from 9.8% to 15.0%. This data support the functional importence of the thylakoid membrane proteins in chloroplasts. 24, 26 However, the rps or rpl genes in the IR region clearly show slower evolutionary rates than the same rps or rpl gene classes in the SSC or LSC regions. Therefore, the divergence levels of chloroplast genes are influenced not only by the location of the genes on the chloroplast genome but also by the functional constraints of the genes. Similar divergence patterns were also observed at the protein level (Table 4) .
The
or exists as a small pseudogene fragment (Oryza, ORF106). 4−6 In addition, the accD gene is also lost independently in Medicago (Fabaceae) chloroplast genome and this gene shows wide ranges (from 933 in Adiantum to 1,623 bp in Amborella) of length variation when present. The short sequences of accD are primarily due to the truncation of the 5 portion of the genes, such as that in Adiantum (933 bp 4 The third gene, rps16, is lost independently in the chloroplast genome of Medicago, Pinus, and Psilotum. 1, 3 The genes for the chloroplast-encoded NADH dehydrogenase protein components are also lost in some plant groups. Notably, all ndh gene components are lost in the Pinus (Gymnosperm) chloroplast genome.
3 In addition, the psaM gene is only present in the Psilotum and Pinus chloroplast genomes.
1,3
Two recently identified genes, ycf3 39 and ycf9 (psbZ ), 40 in the LSC region are present in all vascular plants and also have relatively low levels of variation (15.2% and 15.7%, respectively). In contrast, the ycf15, ycf1, and ycf2 genes are lost several times during the evolution of vascular plants ( Table 4 ). The gene lengths and the sequence divergence of the ycf1 and ycf2 genes vary among plant species. The length variation of ycf1 is largely due to the large indels in the middle of the gene and to the extensions/contractions of the IR into the SSC regions (see detailed discussion in IR extension/contraction sections). The length variation of ycf2 is largely responsible for the internal indel mutations associated with direct repeat sequences. The infA gene is absent in the Arabidopsis, Lotus, and Medicago chloroplast genomes and is present as a truncated pseudogene in several chloroplast genomes. The rpoC2 gene also has a wide length variation mainly due to the internal duplicated insertion in Poaceae.
4−6,41,42
The conserved genes in the sequence also have generally less variation in length. For example, several genes related to photosystem I, photosystem II, and photoelectron transport systems show no length variation among widely separated vascular plants. In contrast, the functionally not well-defined ycf15, ycf4, cemA(ycf10), and accD(ycf11) genes show wide ranges of length variation. Except for the above few variable genes, the length vari- ations of most genes are usually limited and are confined at the 3 end of genes. If we consider sequence divergence levels together with the length variations of genes, the 16S, 23S, ndhB, psbA, psbD, psaB, psaA, psbC, psbB, and rbcL genes are probably good candidate genes for phylogenetic study of higher plants. In contrast, ycf1, ycf2, accD, matK, rpoC2, and ndhF genes (if present) are good candidate genes for phylogenetic study among closely related families or infra-family levels of vascular plants.
Nine of 20 introns are lost in more than one taxon (Table 5 ). Among them, intron losses in ndhA, trnK- The distances are corrected by Kimura's 2-parameter substitution models. The (I) and (II) symbol after intron name indicate intron I and intron II, respectively.
UUU, and rps16 are the result of corresponding gene losses. Therefore, actual intron losses without gene losses are limited to 3 -rps12, rpl2, rpoC1, and clpP. The loss of the rpl2 intron is unique and is only seen in chloroplast genomes of Spinacia. 8 In addition, rpoC1 gene intron loss occurs at once and is confined to all members of Poaceae (Zea, Oryza, and Triticum). [4] [5] [6] 41 In contrast, the 3 -rps12 intron on the IR region is independently lost on Medicago, Adiantum, and Psilotum lineages.
1,2
Both introns 1 and 2 in clpP gene are lost in the chloroplast genomes of Pinus, Oenothera, and all members of Poaceae.
3,4−6,11 However, only intron 1 is absent in the clpP gene of Medicago.
The sizes of introns are relatively conserved, mostly ranging from 500 to 1,300 bp. The only long intron is the trnK-UUU intron (2,410-2,627 bp) that contains coding sequences of the matK gene within the intron. Each intron also shows relatively narrow ranges of variation in length. Small indels within introns are concentrated in specified regions of intron. Average sequence divergence of introns among 16 chloroplast genomes was low in the IR region and one to nine times slower than the introns in the LSC or SSC regions ( Table 5 ). The five most conserved introns are all located within the IR region.
The sequence divergence of introns is neither closely related to their coding segments nor to the gene functions. For example, the relatively conserved petB (SD=0.12389) gene contains a variable intron region (SD=0.45697) while the more variable rps16 (SD=0.21793) gene contains more conserved introns (SD=0.34797), both located in the LSC region. The 3 -rps12 intron sequences located in the IR region show a more conserved (5.9% differences) nature than their coding segments (11.2% differences), suggesting that the trans-splicing mechanism requires conserved intron sequence for this unique divided gene in chloroplast genomes. 37 The introns on LSC and SSC show limited ranges of variation from 0.26073 to 0.50508 (1.9-fold differences), while the coding segments show up to 5.5-fold differences. Even if the 3 -rps12 intron was not considered, the intron regions change only 1.2-3.7 times faster than their coding segments. Some intron sequences in the IR regions are more conserved than the coding sequences of several genes in the LSC or SSC regions.
Intron divergence
The comparative intron sequence data clearly support the suggestion that the sequences in the IR regions diverged at slower rates compared to the sequences of the LSC and SSC regions. This is consistent with the idea that the stabilizing effect of the IR regions by genetic recombination is the main cause of their sequence conservation. Based on the sequence divergence and length variation levels, both ndhA and rpl16 intron sequences are good candidate genes for phylogenetic studies within infra family levels. Meanwhile, clpP gene introns may be useful for phylogenetic studies of closely related genera or infra generic levels.
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Mode of indel mutations and direct repeats
Several evolutionary hot spots in terms of indel mutations were identified in the chloroplast genomes.
5,23 The indels can be classified into two groups. The first indel type is small indels and associated with short base repeating segments within short distance. It may have originated from a slipped-strand mispairing mechanism of surrounding sequences. 43 Numerous small indels in non-coding intergenic and intron regions may correspond to this type. However, it is difficult to figure out the slipped-strand mispairing patterns from the non-coding intergenic spacer regions because numerous base substitution patterns and indels are often complicated in these fast-changing regions among remote related chloroplast genomes. However, slipped-strand mispairing patterns are relatively well preserved within several intron regions such as trnA-UGC and trnI-GAU introns (data not shown). Numerous short indels associated with one to eight base repeating units that duplicate less than five times more frequently occur in these introns.
The other distinctive indel type is relatively long in length and may have originated from illegitimatic recombination events. 44−46 This type of indel is usually associated with short direct repeats at remote distance and is often observed with direct repeating segments between short direct repeats. For example, the 228-bp unique insertion mutation in the ycf1 gene of Panax is a four-time duplicated insertion of a 57-bp repeating unit that associates with direct repeat of six base (AGAAAC) at both ends (Fig. 4) . The same 57-bp unit occurs in Atropa and Nicotiana. However, there is no duplicated pattern because the two terminal sequences, AGAAGC and AGAAAC, are not identical. These data, therefore, suggest that the AGAAGC to AGAAAC substitution at one end of the Panax ycf1 gene generates the direct repeat at both ends and may trigger the duplicated insertions by illegitimatic recombination. Another large deletion mutation in Panax, a 597-bp deletion in the ycf2 gene, is also associated with direct repeats of GGATTC-TAG (Fig. 5) .
Similar 297-bp insertion mutations are also observed between the petN and psbM gene intergenic spacer in Atropa and Nicotiana (both are members of Solanaceae) (data not shown). Direct repeats of GTTTTG are associated with this insertion mutation. Other 230-bp deletion mutations within the trnI-GAU intron are associated with the direct repeat of TCTTG in Medicago, Nicotiana, and Atropa or the direct repeat of TCATG in Arabidopsis and Lotus. These data support the idea that intra-molecular recombination mediated by these short direct repeat sequences are responsible for indel mutations that comprise up to several hundred basepairs of chloroplast genome. Taxon\Position 540  570  600  : : Taxon\Position  630  660  690  : : Taxon\Position  720  750  780  : : Taxon\Position 960  990  1020  :  :  :  Nicotiana  TATGTGGCAATTCCGCCAAGATCTCTTCGTTAGTTGGGGGAAGAATCCGCCCGAATCGGATTTTTTGAGGAACGTATCGAGAGA  Atropa  TATGTGGCAATTCCGCCAAGATCTCTTCGTTAGTTGGGGGAAGAATCCGCCCGAATCGGATTTTTTGAGGAACGTATCGAGAGA  Arabidopsis  TATGTGGCAATTCCACCAAGATCTCTTCGTTAGTTGGGGGAAGAATCCGCACGAATCGGATTTTTTTAGGAAAATATCGAGAGA  Panax - 
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Simple sequence repeats
Chloroplast simple sequence repeats (SSR), which repeat the single nucleotide bases of As or Ts more than 10 times, were reported from Pinus radiata and Oryza sativa. 47−49 In this study, we identified 18 SSR loci from P. chinseng chloroplst genome (Table 6 ). Fourteen of the 18 SSR loci occur in the intergenic spacers and were composed of multiple As or Ts. Only four of 18 SSR loci are multiple Gs or Cs and occur in the gene coding regions. We also evaluated the distribution patterns of chloroplast SSR loci from the published sequences of Nicotiana using the same criteria. There are 12 multiple As (10-14 bases) and 27 multiple Ts (10-17 bases), but no multiple Cs or Gs in the Nicotiana chloroplast genome. Only five of the SSR loci occur on the same position between Panax and Nicotiana chloroplast genomes and can be aligned between two sequences. Some of the Panax SSR loci have systematic utilities in identifying the species or cultivars of this medically important plant species (Kim and Lee, unpublished data). Table 6 . Distribution of simple sequence repeats (SSRs) loci from the Panax chloroplast genome. Coordinations are the nucleotide number positions starting at IRa/LSC junction as indicated in Fig. 1 
